Emergency management and response in the case of a major hazardous materials incident is a very demanding task. The response to a natural disaster, a large accident, or an act of terrorism involves numerous individuals and teams from multiple agencies working together to save lives and property. The outcome of a rescue mission depends to a large extent on the responding units' ability to cooperate and the overall coordination of their efforts. For instance, fire and rescue departments handle the containment of leaking substances and the extrication and decontamination of victims. The police are responsible for cordoning off the incident scene and for evacuating threatened areas nearby, whereas the health authorities provide trauma care and rehabilitation. Efficient training is fundamental to acquire and maintain the types of individual, team, and management skills that are required to respond adequately to a catastrophic event.
Many types of training are relevant for emergency response exercises. They include individual training for specific one-man tasks, team training for crews manning large pieces of equipment commonly used, command-post training for staff and management functions, and task force training where teams with different skills and response commitments are combined in a larger training scenario. Responders must train not only to perform their individual tasks but also to participate in coordination and cooperation with responders from other agencies. Live task force training is the final step to achieve the necessary level of competence in this respect. It enables professionals from multiple agencies to handle a fictitious event in an educational setting and receive appropriate feedback on their performance.
However rewarding, live training at the task force level is generally expensive because of personnel requirements and time demands for exercise preparation, execution, analysis, and debriefing. To justify the investment, it is mandatory to ensure training effectiveness and efficiency. The three major factors in our approach that provide the necessary realism and the ability to make unbiased observations of the training situations are
• Modeling and simulation of systems and factors that have a decisive effect on the training situation contribute to creating a realistic training environment. For example, we must simulate dangerous factors that are present in the real situation without putting the participants at risk.
• Data collection supports unbiased recording of the activities of the trained task force while it is solving a relevant task. The data are received both from technical systems and from reports based on human observations. • Visualization of compiled exercise data provides the construction of a coherent view of the conducted exercise through tailored views depending on the purpose of the presentation and the actual audience. Visualization can greatly support after-action reviews (AARs) to give relevant feedback to the trainees after the conclusion of an exercise.
In this article, we describe methods and tools for supporting AARs and analysis of large-scale emergency response exercises by providing a coherent view of the exercise course of events. The key idea of our approach is to provide a training methodology together with an instrumentation framework, MIND. This includes the collection of a sufficient number of relevant data about the participating units and their activities during an exercise and the construction of a mission history. A mission history is an eventbased, executable model of the mission, which can be used to replay the course of events in the MIND system. In addition, we report and discuss the lessons learned from two computer-supported emergency response exercises conducted in Alvesta, Sweden, and in Orlando, Florida.
Training for critical incidents
Training is the process of managing people's experiences and lessons learned so that they gain the requisite knowledge and skills that give them the potential to perform during real operations (Rouse, 1991) . The effect of the training depends on the nature of the training experiences, as well as the abilities of the trainees.
The complexity of task force activities originates from the coordination and performance of multiple units working in parallel and separated geographically (Brehmer, 1988) . In addition, the task force missions often have a dynamic character. Furthermore, they are often carried out in hazardous environments and in time-critical situations. Obviously, the ability to respond to these types of demanding situations and to maintain a particular level of readiness requires both education and training on different organizational levels. The understanding of the overall task force goal and the cooperation between different units is important for the motivation and the learning process among the trainees (Leedom & Simon, 1995) .
Task force training is often preceded by individual training, team training (Dyer, 1984; Salas, Dickinson, Converse, & Tannenbaum, 1992) , and command-post training (Andersen, 1995; Slepow, Petty, & Kincaid, 1997) . Individual training aims toward improvement of a certain skill for an individual. In team training, there is a need not only to optimize individual performance but also to coordinate the skills and capabilities of all members of the team. With command-post training, the purpose is to improve the decision-making capabilities of the commander and to improve the cooperation and working procedures among the staff members to enable effective command and control of the task force. In command-post exercises, only the commander and his staff are present in the training situation. Training personnel or computer-support systems represent the subordinate units. See Kincaid, Donovan, and Pettitt (2003) for an overview of approaches for training emergency response.
From the scientific achievements made in cybernetics (Ashby, 1956; Funke, 1988 ) and dynamic decision making (Brehmer, 1992) , it is known that most complex systems have real-time, dynamic properties. In other words, a system's output at a given time is not only dependent on the input at that specific time but also on earlier input. The real-time properties of dynamic decision making cause special problems (Brehmer, 1992 ):
• A series of decisions is required to reach the goal. To achieve and maintain control is a continuous activity requiring many decisions, each of which can be understood only in the context of the other decisions.
• The decisions are mutually dependent. Later decisions are constrained by earlier decisions and in turn constrain those that come after them.
• The state of the decision problem changes, both autonomously and as a consequence of the selected actions and the decisions made in the process.
• The decisions have to be made in real time. This fact implies that decision makers are not free to make decisions when they feel ready to do so. Additionally, both the system that is to be controlled and the procedures and resources the decision maker uses to control the system have to be seen and treated as processes. Furthermore, the different time scales involved in dynamic decision-making tasks have to be monitored and taken into consideration.
As decision making is a natural part of any task force operation, it is important to improve the understanding of the decision-making process in realistic settings. The ability to record and relate the task force activities to the commander's decisions during computer-supported task force training exercises can improve the understanding of naturalistic decision-making processes (Cannon-Bowers, Salas, & Pruitt, 1996; Orasanu & Connolly, 1993) . Fredholm (1997) identified several obstacles when organizing an emergency management staff who should be able to execute effective command and control in major firefighting and rescue operations. Fredholm (1996) also categorized the properties of such operations into four classes, with varying degrees of severity and varying amounts of available resources. These properties are all highly dynamic and require novel and adaptable solutions to many general command and control problems of firefighting and emergency response: individual and team situation awareness and decision making, resource management, and endurance of the units and systems engaged in an operation. Operator and commander skills in mastering these dynamics of crisis have decisive impact on unit performance in any emergency and rescue operation.
One approach to studies of distributed decision making in dynamic environments such as firefighting and rescue missions is to use microworlds such as D 3 FIRE (Brehmer & Svenmarck, 1995) and C 3 FIRE (Granlund, 1998; Hägglund & Granlund, 1994) . In the field of psychology, microworlds are used to describe simulations that help researchers to set a proper complexity level in their research environment (Dörner, 1987; Dörner & Brehmer, 1993) . The use of microworlds can be seen as one way to bridge the gap between laboratory and field research.
Debriefing as a method to learn and improve has its historical roots in military campaigns and war games (Pearson & Smith, 1986) . In this context, debriefing is the time after a mission when the participants are brought together to describe what has occurred in order to improve their performance for the next mission. Debriefing is defined as learning through reflection on a simulation experience (Lederman & Stewart, 1986; Pearson & Smith, 1986; Raths, 1987; Thatcher, 1986) . In the educational setting, when the selected methodology is experience based, debriefing is conducted as a guided discussion. The trainees are taught to reflect on their experiences and learn from them. In addition, they are asked questions about specific situations that have occurred during the training scenario. Debriefing used in training situations is also referred to as AAR (Morrison & Meliza, 1999) .
The debriefing process can be classified into three phases (Lederman, 1991 (Lederman, , 1992 . The first phase is systematic reflection and analysis that includes a systematic selfreflective process about the experience that the trainees have just had. This phase also includes a recollection of what happened and a description in their own words of what the trainees did (Lederman, 1984) . The second phase is the intensification and personalization of the debriefing process that allow the trainees to express their feelings about the training event. In the third phase, the generalization takes place (Pearson & Smith, 1986) with the purpose of going from the individual's experience to the broader applications and implications of that experience. This phase also includes a summing up and recapitulation of the whole training event with a selection of concluding remarks.
To summarize, this research deals with various aspects of human performance in complex situations. The end goal is to improve the understanding of learning processes and to help trainees to learn from experience. However, learning from experience requires effective feedback from the learning situation, both regarding the specific training tasks and from the context where they take place.
Supporting realism in live task force training
A field exercise with emergency response units is always carried out for a specific purpose. The purpose may be to examine whether a particular organization of a response unit is appropriate for a particular type of incident, whether the equipment assigned to a unit is sufficient for its tasks, or whether the emergency plans for the unit are appropriate. Or the purpose may be to provide training for the unit either to sustain its current abilities or to achieve a higher level of competence to take on new tasks. Defining the purpose of a field exercise raises additional issues regarding how to measure performance in a given situation, how to assess goal fulfillment, and how to feed this information back to participants and training officers to improve the trial or training methods. These issues have to be addressed at every field exercise, from the small exercise at the local fire station to countywide or nationwide emergency management and response exercises. The main difference is that the cost for neglecting these issues is much higher at a large exercise than at a small one. On the other hand, there are many more small exercises than large ones.
Accurate performance analysis, fair assessment, and relevant feedback require that the whole field exercise is reviewed and analyzed and that the results of this process are regarded as valid by participants and authorities, even if they are not favorable to them. We achieve this goal by incrementally building a model of the exercise from data collected in the field (Morin, Jenvald, & Thorstensson, 2000) . The model is then used to support the analysis of the course of events by offering several views of that data (Jenvald, 1999; Jenvald, Rejnus, Morin, & Thorstensson, 1998; Morin, 2002; Morin et al., 2000) . The key issue in this methodology is therefore how to construct an appropriate model for a particular field exercise with a specific purpose.
Modeling process
Building a model of a complex process such as an emergency response exercise requires a systematic approach. The goal of this approach is the construction of a model of a field exercise, the mission history (Morin, Jenvald, & Worm, 1998) . A mission history is made up of hierarchical object models of the units participating and a sequence of events that changes the status and properties of these objects. Each event is marked with the time at which it occurred during the exercise. The mission history contains information needed for replaying the scenario afterwards and can be described as an executable computer representation of the actual exercise scenario.
The mission history is generated dynamically during the exercise. Technical systems automatically record events and add them to the mission history. An example of an automatically recorded event is a position event from a global positioning system receiver attached to a rescue vehicle. The position events from that vehicle allow the trajectory of the vehicle during the exercise to be reconstructed. Another example of this type is a transmission sequence event from a monitored radio channel. Whenever a radio operator transmits a message, it is recorded digitally, marked with the current The dynamic generation of the mission history is governed by an instrumentation plan. Given the goals of the exercise and a tentative exercise plan, the purpose of the instrumentation plan is to identify the critical analysis and evaluation requirements and to map these to available resources in terms of personnel, methods, and tools. The analysis of the exercise prerequisites results in a preliminary instrumentation plan and a plan for adapting methods and technology.
The adaptation plan is only required when the purpose of the exercise has been shifted to incorporate new aspects that have not previously been addressed. In this case, the existing methods may have to be modified, for instance to gather data from an additional source. Correspondingly, the tools supporting the methodology may have to be adapted to input data from the new source and to accommodate data views to visualize the aspect in focus.
The final steps of the preparation of the instrumentation plan have to be carried out in close cooperation with the exercise commander. In these steps, the exercise plan and the instrumentation plan are collated and any discrepancies pinpointed and resolved. Typically, the last revision takes place shortly before the exercise to adapt to unforeseen last-minute changes. The result of this process is an exercise plan and an instrumentation plan. Figure 1 illustrates the steps required to develop an instrumentation plan together with the exercise plan.
Simulation of chemical agents
The purpose of simulation in computer-supported live exercises is to increase the realism of a field exercise by simulating hazardous factors in the environment that otherwise would not affect the outcome of the exercise. The system solutions are designed and implemented to enable different types of simulations in different application areas. To support emergency response and management training and evaluation, the MIND system incorporates interfaces and tools to import and present the results from a simulation of the propagation of chemical agents in different terrain and under varying environmental conditions.
It is important to notice that the MIND system does not include a proprietary simulator for chemical agents. Instead, it provides a flexible interface that allows the results from different simulators or simulation results to be imported. Following this method, the increased level of sophistication of the simulators is immediately available for use in field exercises. Simulation results for the dispersion of chemical warfare agents (e.g., in the Alvesta exercise) and results from simulations of the propagation of civilian substances (e.g., in the Orlando exercise) have been imported to and used in the MIND system.
The propagation of a chemical agent in an environment is determined by many factors. These factors include the chemical and physical properties of the agent, the
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weather, the terrain, the surface, and the means of delivering the agent to the target. To simulate the propagation of a particular agent with respect to all these factors, the simulation engine of the CASPAR (Melin et al., 1994 ) system was used. The results from this simulation are imported into the MIND presentation system and displayed as an overlay on the digital map. The simulation generates a map of the deposition on the ground and in the air at selected points in time. The time points are normally selected with reference to the volatility of the agent. Thus, the simulation of a highly volatile agent would typically be initialized to generate data for time points shortly after the attack, whereas the simulation of a nonvolatile agent would be set to generate data for an extended period of time. The map of the deposition of the agent is used to generate 
Methodology and Technology Adaptation
Confirmation of the mission exercise plan and the instrumentation plan, and the establishment of priorities
Exercise Plan Instrumentation Plan

Preliminary Instrumentation Plan
Plan for methodology and technology adaptation
Adapted Methodology and Technology
FIGURE 1: The Steps Required to Develop an Instrumentation Plan Together With the Exercise Plan
isograms for the concentration or for the accumulated deposition. Isograms can be used in damage prediction calculations and to identify areas where detection is particularly urgent (Morin, Axelsson, Rejnus, & Jenvald, 1999 ). An important issue when simulation is used in training is how the results of the simulation are fed back to the participants of the exercise. Ideally, the simulation results should affect their ordinary equipment to generate data consistent with the outcome of the simulation. If manual methods are used to transfer simulation results to the exercise ground, for instance spraying harmless chemicals on detection plates to imitate the effect of hazardous chemical agents, it is important that they are coordinated with the simulation process to provide a credible overall effect.
Computer-supported debriefing
Debriefings in team and task force training are important means of providing feedback (Brown, Nordyke, Gerlock, Begley, & Meliza, 1998) to the trainees in the effort to increase the lessons learned from various training events (Rankin, Gentner, & Crissey, 1995) . Lederman (1992) stresses that debriefings are not ancillary but required parts of experience-based learning processes.
Computer-supported task force training can provide the trainees with accurate feedback in the reflection phase of the training session after the exercise. Ideally, AARs and exercise analyses allow the trainees, and trainers, to reflect on and learn from the performance of teams and individuals in relation to the overall mission objectives and in the light of the actual course of events. But these activities are inherently difficult because the participating task force units operate in a geographically separated manner, are assigned individual tasks, and carry out activities in parallel. Moreover, commanders at different levels and locations, who make decisions based on their perception of the current situation, control the subordinate units (Brehmer, 1991) . As a result, there are as many views of the exercise as there are participants. To overcome this diversity, and thus provide a common frame of reference for subsequent analysis and evaluation, it is desirable to establish an objective view of the mission course of events. This view supports the construction of a shared mental model among the team members, which increases the understanding of the importance of global team-related issues such as coordination and communications (Rouse, Cannon-Bowers, & Salas, 1992) . In addition, using this view, trainees can concentrate on why and on what grounds decisions were made and actions carried out, instead of trying to figure out what actually happened .
Construction and visualization of a mission history rely on the existence of methods and tools to collect data from a rescue operation, to compile and appropriately organize these data, and to present them using comprehensible displays and views, such as digital maps and diagrams. These tasks are performed by an instrumentation system. For our field experiments, we have used the MIND system (Jenvald, 1999; Morin, 2002) . MIND is an integrated presentation system that includes displays for tactical maps, annotated photographs from the exercise, recorded tactical radio communications, and compiled statistics about unit performance. Topics reviewed include communication in command and control (Albinsson & Morin, 2002; Thorstensson, Axelsson, Morin, & Jenvald, 2001 ) and the management of casualties (Thorstensson, Morin, & Jenvald, 1999) .
The data collection is intended to build an unbiased overall picture of the exercise together with special observations, depending on the purpose of the exercise. Both technical registrations and manual observations are important features and contribute to building the replayable mission history. Figure 2 outlines the data flow from the data sources to the final compilation and registration of the mission history. The MIND system has interfaces to proprietary systems in the task force organization, which can deliver important information for the feedback to the trainees and to the subsequent analysis. Accordingly, the visualization constitutes the interaction interface between the MIND system and the trainers and trainees. The ability to view details in the context of the overall picture, together with the ability to investigate the same data through multiple views, greatly supports the education and training of trainees at different positions in the trained task force organization. Figure 3 shows the different views that can be used to visualize information from the mission history database.
One advantage of packaging exercise data as self-contained mission histories is that they can be disseminated in a response organization (Jenvald, Morin, & Kincaid, 2001) . In this way, success stories and lessons learned can reach a larger audience than the participants in a particular exercise.
Field trials
We illustrate the lessons learned from our approach by discussing important training sequences and key events from two full-scale emergency response exercises in Sweden and in the United States. The first exercise out in Alvesta, Sweden and covered a large-scale chemical incident at a railroad junction. During this exercise, we simulated the dispersion of a chemical agent and monitored the responding rescue units and their treatment and management of 49 casualties. During the exercise, we registered more than 10,000 events and intercepted some 400 radio transmissions. The course of events was replayed to the 230 participants at the AAR 90 minutes after the conclusion of the exercise. The second exercise (Crissey, Morin, & Jenvald, 2001 ) was carried out in Orlando, Florida, and covered a smaller chemical incident with a truck carrying chlorine through a highly populated area. The responding task force included fire and rescue units and police forces from two counties. In addition to the overall monitoring of the exercise and simulation of the dispersion of the chemicals, we used a human-patient simulator at the medical aid station to increase the realism for the paramedics during their treatment of the victims'chemical burns. This exercise also included an AAR less than 3 hours after the conclusion of the exercise in which the participants were able to reflect on their actions in relation to the unfolding of the scenario and the factual recorded mission history. Table 1 shows a comparison between the two exercises in terms of a number of important factors.
Both exercises provided a unique opportunity for the responding task forces to train together for a plausible emergency. The scenarios gave opportunities for multiple response teams to display skills, to make several decisions, and to learn from their experiences and from each other.
The two scenarios have both similarities and differences. However, they both include important sequences and key events that occur and can have a decisive effect on the training situation. They include the following:
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• Verifying with written materials the visual sighting and results from detection equipment. This procedure is required to properly identify any suspicious leak or contamination. Wind direction and speed required decisions to be made regarding evacuation of surrounding neighborhoods and the proper agencies to carry out the task.
• Responding in a manner to avoid possible consequences. Once the situation was identified, proper protective gear was donned, rescue equipment was readied, and appropriate action was taken. The safety of responders was kept in mind at all times while the rescue of the casualties was assessed, planned, and carried out. In the Alvesta exercise, the transportation resources had to be divided into two groups, one for contaminated victims and another for victims who had passed the decontamination station. This fact added complexity to the management of the chain of medical attention for the rescue command.
• Effective reporting and communication between and among agencies. Decisions were reported up the chain of command and among agencies. The command post tried to monitor communications and was regularly informed of the action taking place on the field.
• Demonstrating skills received from previous individual training. With differences in various agencies' standard operating procedures, individuals get the opportunity to demonstrate the ability to proceed with their own responsibilities yet hand them off to the next agency in an orderly and efficient manner without confusion.
• Value added by simulations. The use of chemical simulations provided a high degree of realism. Additionally, in the Orlando exercise a human patient simulator added realism to casualty treatment at the emergency aid station.
• Reviewing and evaluating the training received. Replaying task force performance with the aid of the MIND system visualization and presentation displays immediately after the exercise allowed the participants an opportunity to take advantage of the lessons learned and to improve both rescue plans and performance. Discussion alone after a training event does not appear to be nearly as effective a tool to improve performance as seeing the replay in addition to discussing it. Many details that slip the mind in the midst of a fastmoving event can better be recalled when seeing them replayed in a calmer, more reflective environment. The MIND tool provided this visualization in context of the larger training exercise.
• Exercising multiple agencies' skills in a task force emergency response setting. All the personnel in the task force were trained, from the task force commander to the first responder at the incident scene. Though many of the agencies had never worked together before and had very different standard operating procedures, the exercise as planned and carried out showed that multiple agencies could train together and successfully perform at the task force level.
Data gathered through questionnaires, on-the-spot interviews, observations made during the exercises, and participant comments allowed us to evaluate tool and method effectiveness. The usefulness of the AAR tools during both exercises are supported by the enthusiastic response from all participants as to the value of seeing and hearing the replay of what they have experienced in the field.
Conclusion
We have investigated the various requirements of modeling, simulation, data collection, and visualization and identified them as important parts of live task force training. We have described the line of action in the preparation, conducting, and follow-up of a typical computer-supported task force training scenario.
Our field exercises show that the AAR is an important factor when we want to stimulate motivation among the trainees and a useful tool when we want to provide the trainees with accurate feedback after the exercise. Ideally, task force training exercises with their AARs and exercise analyses allow the trainees, and trainers, to reflect on and learn from the performance of teams and individuals in relation to the overall mission objectives and in the light of the actual course of events. We have seen that these activities are inherently difficult because the participating units operate in distributed geographical locations; they are assigned individual tasks and carry out activities in parallel. Moreover, commanders at different levels and locations, who make decisions based on their perception of the current situation, control the units. As a result, there are as many views of the exercise as there are participants. To overcome this diversity and thus provide a common frame of reference for the subsequent analysis and evaluation, it is necessary to establish an objective view of the mission course of events. This view can be constructed from unbiased recorded information following the phases of computer-supported task force training. From the view of task force training, trainees can concentrate on why and on what grounds decisions were made and actions carried out, instead of trying to figure out what actually happened. Creating this objective view of the mission course of events is the core essence of our approach to computersupported task force training.
